Six physical properties (enthalpy, density, decomposition temperature, solubility in water, pKa values, and hydronium potential) were examined by molecular modeling techniques. The molecular connectivity index, Wiener distance index, and Ad hoc descriptor are employed as structural parameters to encode information about branching, size, cyclization, unsaturation, heteroatom content, and polarizability. This paper examines the correlation of the molecular modeling techniques parameters and the physicochemical properties of amino acids. As a results, calculated values were in agreement with experimental data in the above six physical properties of amino acids and the molecular connectivity index was superior to the other indices in fitting the calculated data.
Introduction
Proteins are the most abundant macromolecules in living cells. they are found in all cells and all parts of cell. Moreover proteins have many different biological roles since they are the molecular instruments through which genetic information is expressed. All proteins, the most ancient lines of bacteria or the highest forms of life, are constructed from the basic 20 kinds of amino acids, Each of these amino acids have a distinctive side chain which lends its chemical individuality.
We have already investigated to find out relationship between the physical properties (molecular weight, heat capacity, side chain weight, side chain volume, standard entropy and partial molar volume) and structures of amino acids, peptides and their derivatives 1 , various biological activities 2 (enzyme inhibitory, lipoxygenase inhibition, tadpole narcosis, vapor toxicity and heat of vaporization) and the physical properties for the organic compounds and their binary mixture 3 by the molecular descriptors of molecular modeling technique which can encode information about size, branching, cyclization, polarizability, unsaturation and heteroatom content. 4 The molecular connectivity indices, [5] [6] [7] Wiener distance indices, and Ad hoc descriptors. [11] [12] [13] have been known as the most useful molecular modeling parameters. These methods are currently being used by many chemists as an aid in the development of new drugs or chemical compounds.
In this paper, we examine the correlation of the molecular modeling technique's parameters and the physical properties of amino acids using least square method. As a result, we have obtained regression equations for six representative physical properties of amino acids. Such equations can be used predict values for unmeasured properties in the design of compounds that have properties suitable for special purposes. Also we have evaluated the relative merits of the descriptor sets in relating the physical properties of amino acids and derivatives.
Calculation
Molecular Connectivity Index [5] [6] [7] . It is well known that chain isomers of a molecule have varying values of their physical and chemical properties. Then the molecular connectivity is described numerically on the basis of the branching in molecular skeletons.
We have dealt with structural fragments or subgraphs of various bond compositions.
It is possible to decompose a molecular structure into subgraphs of atoms. Thus the subgraph would be described by a single δ for each atoms which is to record at each atom how many neighboring atoms are bonded to it. We shall call these number δ (delta) values. We would compute the reciprocal square root of each δ i and sum these to form an index we can call a zero-order index 0 χ.
This index is directly related to atoms, not bonds. It decribles the number of atoms in a molecule and the branching in the molecule.
And the first order connectivity index, 1 χ is the sum over all connections or edges in the hydrogen suppressed molecular frame. Atom i and j are formally bonded
Similarly, different orders m χ of the connectivity index are defined, according to the numbers of continuous bonds included as
Additional parameters for molecular connectivity index, m χ t , can be obtained by summing analogous terms on substructural units involving path, cluster or pathcluster combinations of m bonds. It remained desirable to include multiple bonds and heteroatoms in the Randic method 5 in some natural way. For this purpose, Kier and Hall 6, 7 originally proposed two form of δ assignment; one is the simple adjacency count, and the other is the adjacency over multiple paths in unsaturated bonds. This latter δ value is termed a valence δ ("valence delta") and is written δ . Wiener 8 proposed an index of molecular structure based on path distances between carbon atoms.
The Wiener distance index, W, is the sum of all unique, shortest path distances, in terms of C-C bonds, of hydrogen suppressed molecular frame. The index W is calculated by forming a table of shortest path distances between all carbon atoms and summing its elements.
The Wiener distance index increased with the number of carbon atoms and it is lower for branched isomers than for more extended isomers.
In some case a reduced Wiener index, Wr = W/Nc 2 , is used, where Nc is the number of carbon atoms. Wiener 10 also proposed a parameter P 3 , equal to the number of pairs of carbon atoms separated by three bonds. P 3 paramter is described as a polarizability parameter, because it is more properly related to steric aspects of structure. In many application the modified Wiener index, Wmod = W+P 3 , has been used. Also Platt 13 introduced an additional structural parameter, f, which was calculated by taking the number of adjustment C-C bonds summed over all C-C bonds of the molecule.
It is desirable to extend the Wiener scheme to include heteroatom such as N, O, S etc. It defined that an atomic site index 10 Si which is the sum of all shortest distance from atom i to other atoms.
The inverse of W and Wr are also included in these parameter sets.
Ad hoc descriptor [11] [12] [13] . Ad hoc descriptors, which are not so sophisticated indices, are also good modeling techniques for characterized molecular structures.
The first parameter, used in Ad hoc descriptor, Nc is the number of carbon atoms, which is simplest representative of molecular mass and volume.
Also, each branch of a hydrocarbon being terminates as a methyl group, the number of terminal methyl groups, Tm, is a crude measure of branching or compactness. 11 
Randic
5 introduced a steric parameter T 3 , which is the number of terminal methyl separated by 3 bonds in molecular frame.
For aliphatic alcohols a convenient additional index 13 is the number of carbons bonded to the alpha carbon, Cα.
And polarizability parameter, P 3 , has been identified above in connection with the Wiener scheme.
The inverse 1/N c and the quadratic terms Nc 2 , T 3 2 and Tm 2 were also included in these parameter sets.
Results and Discussion
Values for the most significant parameters according to the molecular modeling techniques for various amino acids using the above molecular modelling parameter calculation method are given in Table 2 .
We can write down two forms of δ assignment; one, previously described, in the simple adjacency count, and the other is the adjacency over multiple paths in unsaturated bonds. This latter δ value is termed a valence δ ("valence data") and in written δ Table 1 and equation (1), (2), (3), and (4). These parameter sets correlated with reported six representative values of physical properties for amino acids [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] using the least square method. The results are presented with the coefficients of correlation (r) and standard errors (S.E) for the most successful one, two and three parameter models.
All three structural parameter sets tested were reasonably successful in accounting for the physical properties of these amino acids. But the molecular connectivity indices and Wiener distance indices generally provided the most favorable correlation.
Conclusion
We have applied molecular modeling techniques to six representative physical properties (solubility in water, pKa, hydronium potential, enthalpy, density, decomposition temperature) of amino acids, Most of the properties were well modeled by the molecular modeling techniques.
We obtained the regression equation for these properties using Wiener distance indices, molecular connectivity indices and Ad hoc descriptors.
The molecular connectivity indices is superior to the other indices in fitting the data for the present set of amino acids. In this case, all the correlation coefficient (r) for the prediction of the six properties are greater than 0.98 and the average percentage deviation are smaller than 1%.
